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SEALED NITRIDE LAYER FOR INTEGRATED CIRCUITS 



Technical Field 

[0001] The present invention relates generally to MOS devices incorporated in 
integrated circuits and in particular the present invention relates to a sealed nitride layer 
for an integrated circuit. 
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Background 

[0002] Integrated circuits incorporate complex electrical components formed in 
HJ semiconductor material into a single device. Generally, an integrated circuit comprises 

a substrate upon which a variety of circuit components are formed wherein each of the 
circuit components are electrically isolated from each other. Integrated circuits are 
made of semiconductor material. Semiconductor material is material that has a 
Hj resistance that lies between that of a conductor and an insulator. Semiconductor 

nj material is used to make electrical devices that exploit its resistive properties. A 

%l common type of structure is the metal-oxide semiconductor (MOS). 

R .. 

[0003] Semiconductor material is typically doped to be either a N type or a P type. 
N type semiconductor material is doped with a donor type impurity that generally 
conducts current via electrons. P type semiconductor material is doped with an 
acceptor-type impurity that conducts current mainly via hole migration. A N type or P 
type having a high impurity or high dopant concentration or density is denoted by a "+" 
sign. A N type or P type having a low impurity or low dopant concentration or density 
is denoted by a "-" sign. 

[0004] Semiconductor devices are formed in a substrate of the integrated circuit. A 
typical semiconductor device is formed by selectively implanting dopants into the 
substrate to form device regions of either the P or N conductivity type. In addition, 
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layers of dielectric material and metals are typically formed overlaying a surface of the 
substrate. 

[0005] Some high reliability processes require a continuous silicon nitride (nitride) 
layer formed over the entire surface of the substrate of the integrated circuit. Generally, 
the nitride is deposited over the entire substrate surface by low pressure chemical vapor 
deposition (LPCVD) or plasma enhanced chemical vapor deposition (PECVD). The 
nitride layer is typically formed overlaying a patterned layer of silicon dioxide (oxide). 
The layer of nitride is used as a barrier to the diffusion of mobile ions. A diffusion 
barrier is desired because sodium and several other mobile ions tend to diffuse 
relatively rapidly to the surface of the substrate, which can degrade device performance. 

M The layer of nitride is used to trap the mobile ions thereby prevention their diffusion to 

| ,he surface of, he subscrate. 

Lu [0006] For improved performance, it is desired that the layer of nitride cover all of 

u 

in the oxide, even around the perimeter and sidewalls of contact openings through the 

CD oxide to the surface of the substrate. These contact openings are generally formed over 

device regions to provide a contact path. In forming nitride over oxide in sidewalls of 
contact openings, extra patterning steps that add cost to the manufacture of integrated 

f y 

Ul circuits are required in the known art. It is desired in the art to form an integrated 

□ 

circuit with reduced process steps. 

[0007] For the reasons stated above and for other reasons stated below which will 
become apparent to those skilled in the art upon reading and understanding the present 
specification, there is a need in the art for an integrated circuit with reduced process 
steps in forming an oxide sealed with nitride in contact openings. 



Summary 

[0008] The above-mentioned problems are addressed, as well as other problems, by 
the present invention and will be understood by reading and studying the following 
specification. 
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[0009] In one embodiment, a method of forming a sealing nitride layer overlaying a 
oxide layer in a contact opening of an integrated circuit is disclosed. The method 
comprises, forming a second layer of nitride overlaying a first layer of nitride to form 
the sealing nitride layer. The second layer of nitride further overlays an exposed 
portion of a surface of a substrate in the contact opening and sidewalls of the contact 
opening. Using reactive ion etching (RIE etch) without a mask to remove a portion of 
the second nitride layer adjacent the surface of the substrate in the contact opening to 
expose a portion of the surface of the substrate in the contact opening without removing 
portions of the second nitride layer covering the sidewalls of the contact opening. 

[0010] In another embodiment, a method of forming an integrated circuit is 

M? disclosed. The method comprising, forming a layer of oxide over a surface of a 

Q 

p substrate. Forming a first layer of nitride overlaying the layer of oxide. Forming a 

W contact opening through the first layer of nitride and the oxide layer to expose a portion 

u 

14 of the surface of the substrate. Forming a second layer of nitride overlaying the first 

layer of nitride. The second layer of nitride also overlays the exposed portion of the 
surface of the substrate in the contact opening and sidewalls of the contact opening. 
Using a RIE etch without a mask on the substrate for a pre-determined amount of time 
to remove a portion of the second layer of nitride overlaying the surface of the substrate 

yn 

O in the contact opening without removing the portions of the second nitride layer 

overlaying the sidewalls of the contact opening, wherein the oxide layer is sealed by the 
first and second nitride layers. 

[0011] In another embodiment, a method of forming semiconductor devices in an 
integrated circuit. The method comprising forming a plurality of device regions of a 
first conductivity type in a substrate adjacent a surface of the substrate. Forming an 
oxide layer over a surface of a substrate. Patterning the oxide layer to exposed pre- 
selected portions of the surface of the substrate. Forming a first layer of nitride 
overlaying the oxide layer and the exposed portions of the surface of the substrate. 
Implanting ions of a second conductivity type through the layer of nitride into the 
substrate to form device regions of the second conductivity type, wherein remaining 
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portions of the oxide layer under the nitride layer selectively stop the ions from entering 
the substrate to selectively define edges, of the device regions of the second conductivity 
type. Forming contact openings to expose a portion of each of the device regions of the 
first and second conductivity type in the substrate. Forming a second layer of nitride 
over the first layer of nitride. The second layer of nitride also overlays the exposed 
portions of each of the device regions in their associated contact openings and sidewalls 
of each of the contact openings. Exposing the substrate to a RIE etch for a pre- 
determined amount of time to remove portions of the second layer of nitride adjacent a 
surface of each device region in an associated contact opening, wherein the substrate is 
not exposed to the RIE etch long enough to remove all of the portions of the second 
nitride layer overlaying the respective sidewalls of each of the contact openings so that 
the oxide layer remains sealed by the first and second layers of nitride. 

[0012] In another embodiment, an integrated circuit comprising, a substrate, a 
plurality of semiconductor devices, a layer of oxide and first and second layers of 
nitride. The plurality semiconductor devices are formed in the substrate. Some of the 
semiconductor devices have device regions formed adjacent a surface of the substrate. 
The layer of oxide overlays the surface of the substrate. The first layer of nitride 
overlays the layer of oxide. The first layer of nitride and the layer of oxide have a 
plurality of contact openings that extend to select device regions in the substrate. The 
portions of a second layer of nitride overlay sidewalls of each contact opening. Each of 
the portions of the second layer of nitride is formed by first forming a second layer of 
nitride overlaying the first layer of nitride, the select device regions in the contact 
openings, and the sidewalls of the contact openings and then applying a RIE etch to the 
substrate without a mask for a predetermined amount of time. 

Brief Description of the Drawings 
[0013] The present invention can be more easily understood and further advantages 
and uses thereof more readily apparent, when considered in view of the description of 
the preferred embodiments and the following figures in which: 
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[0014] Figure 1 is a cross-sectional view of a NPN transistor in an integrated circuit 
of the prior art; 

[0015] Figure 2 is a cross-sectional view of a portion of an integrated circuit that 
includes a NPN transistor of one embodiment of the present invention; and 

[0016] Figures 3(A-F) are cross-sectional views of the formation of one 
embodiment of the present invention. 

[0017] In accordance with common practice, the various described features are not 
drawn to scale but are drawn to emphasize specific features relevant to the present 
invention. Reference characters denote like elements throughout Figures and text. 

Detailed Description 

[0018] In the following detailed description of the preferred embodiments, reference 
is made to the accompanying drawings, which form a part hereof, and in which is 
shown by way of illustration specific preferred embodiments in which the inventions 
may be practiced. These embodiments are described in sufficient detail to enable those 
skilled in the art to practice the invention, and it is to be understood that other 
embodiments may be utilized and that logical, mechanical and electrical changes may 
be made without departing from the spirit and scope of the present invention. The 
following detailed description is, therefore, not to be taken in a limiting sense, and the 
scope of the present invention is defined only by the claims and equivalents thereof. 

[0019] The present invention is related to the process of sealing oxide areas adjacent 
in sidewalls of contact openings in an integrated circuit with the use of nitride layers. In 
the following description, the term substrate is used to refer generally to any structure 
on which integrated circuits are formed, and also to such structures during various 
stages of integrated circuit fabrication. This term includes doped and undoped 
semiconductors, epitaxial layers of a semiconductor on a supporting semiconductor or 
insulating material, combinations of such layers, as well as other such structures that are 
known in the art. Terms of relative position as used in this application are defined 
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based on a plane parallel to the conventional plane or working surface of a wafer or 
substrate, regardless of the orientation of the wafer or substrate. The term "horizontal" 
or "lateral" as used in this application is defined as a plane parallel to the conventional 
plane or working surface (surface) of a wafer or substrate, regardless of the orientation 
of the wafer or substrate. The term "vertical" refers to a direction perpendicular to the 
horizontal. Terms, such as "on", "side" (as in "sidewall"), "higher", "lower", "over," 
"top" and "under" are defined with respect to the conventional plane or working surface 
being on the top surface of the wafer or substrate, regardless of the orientation of the 
wafer or substrate. 

[0020] Before the present invention is described in detail, a bipolar NPN transistor 
80 of the prior art is illustrated in Figure 1, to provide further background. As 
illustrated, this prior art device has in a substrate 82 of an integrated circuit. Formed in 
the substrate 82 is a base 84, an emitter 86 and a collector contact 88. A layer of oxide 
90 is formed on the surface 89 of the substrate 82. The layer of oxide 90 is patterned to 
form contact openings to the base 84, emitter 86 and the collector contact 88 as 
illustrated in Figure 1. A layer of nitride 92 is then deposited overlaying the oxide 90 
and any exposed surface 89 of the substrate to seal the layer of oxide 90. In the prior 
art, a mask step or steps is then performed to pattern the layer of nitride to once again 
form contact openings to the base 84, emitter 86 and the collector contact 88. 
Accordingly, the contact openings through the layer of nitride 92 are nested inside the 
previously formed oxide contacts. These extra patterning steps to form the contact 
openings through the layer of nitride 92 add cost to the manufacture of integrated 
circuits as well as introduce alignment tolerance issues. One feature of the present 
invention reduces patterning steps required in making contact openings through layers 
of nitride and oxide. 

[0021] In Figure 2, a portion of an integrated circuit 100 of one embodiment of the 
present invention is illustrated. In particular, Figure 2 illustrates a bipolar NPN 
transistor 103 of the integrated circuit 100. It will be understood in the art that the NPN 
transistor 103 would be isolated from other semiconductor devices formed in the 
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substrate 104. It will also be understood in the art that a common way to isolate 
semiconductor devices in an integrated circuit is to create isolated islands in the 
substrate upon which they have been formed. An illustration of the formation of 
isolation islands is not shown since the formation of isolation islands are not needed in 
understanding of the present invention. 

[0022] Referring to Figure 2, the NPN transistor 103 is formed in a substrate 104 of 
the integrated circuit 100. The substrate 104 is of an N conductivity type with low 
dopant density. The NPN transistor 103 has a base 1 12 of the P conductivity type 
formed in the substrate 104 adjacent the surface 129 of the substrate 104. An emitter 
1 14 of the N conductivity type with high dopant density is formed in the base 1 12 
adjacent the surface 129 of the substrate. A collector contact 1 16 of the N conductivity 
type with high dopant density is formed in the substrate 104 adjacent the surface 129 of 
the substrate 104 and a predetermined distance from base 1 12. A base contact region 
132 is coupled to the base 1 12. An emitter contact region 134 is coupled to the emitter 
1 14. Moreover, a collector contact region 136 is coupled to the collector contact 1 16. 
In one embodiment, the base contact region 132, the emitter contact region 134 and the 
collector contact region 136 are patterned from a metal layer. Figure 2, also illustrates, 
a first nitride layer 106 formed overlaying the areas of oxide layer 102 and a second 
nitride layer 160 formed to seal the oxide layer 102 in sidewalls of the contact openings. 

[0023] The formation of one embodiment of the present invention is illustrated in 
Figures 3(A-F). Referring to Figure 3 A, the base device region 1 12 is formed in the 
substrate 104 adjacent the surface 129 of the substrate 129. In one embodiment, the 
base 1 12 is formed by implanting and diffusing P conductivity type dopants (or ions) in 
the substrate 104 using a mask to define the edges. The oxide layer 102 is then formed 
on the surface of the substrate. The layer of oxide 102 can be thermally grown, 
deposited or formed in any other manner known in the art or later developed. The layer 
of oxide 102 is then patterned to expose pre-selected areas of the substrate 104 surface 
129, as illustrate in Figure 3B. In particular, the layer of oxide 102 is selectively etched 
to form a pattern to define edges of subsequently formed N+ device regions. 
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[0024] Referring to Figure 3C, the first nitride layer 106 is then formed overlaying 
the remaining portions of oxide 102 and the exposed areas of substrate 104 surface 129. 
In one embodiment, the first layer of nitride 106 is deposited by low pressure chemical 
vapor deposition (LPCVD). However, it will be recognized in the art that there are 
other means for forming a high quality nitride layer, such as plasma enhanced chemical 
vapor deposition (PECVD), and that the present invention is not limited to LPCVD. 
The N+ regions 1 14 and 1 16 are then formed. In one embodiment, the N+ regions are 
formed by implanting high density N conductivity type ions through the first nitride 
layer 106 and then diffusing them to a final depth to respectively form an emitter 1 14 
and collector contact 1 16 of the transistor 103. This is illustrated in Figures 3C and 3D. 
The remaining portion of the oxide layer 102, under the nitride layer 106, act a barrier 
to the ions to selectively define the edges of the N+ regions 1 14 and 1 16 in the substrate 
104. 

[0025] Referring to Figure 3D, apertures 107, 109 and 1 1 1 (contact openings) are 
then formed through the layer of nitride 106 and, where present, through the oxide 102. 
In one embodiment, the contact openings 107, 109 and 111 are done with a dry etch 
using a single mask. The use of a dry etch forms an anisotropic opening. That is, it 
forms a contact opening having generally vertical sidewalls. As illustrated in Figure 
3D, a portion of oxide layer 102 in contact opening 107 is exposed. That is, the vertical 
sidewalls 105 in contact opening 107 include exposed oxide surfaces. This could lead 
to mobile ions affecting the performance of the device. 

[0026] The second nitride layer 160 is formed overlaying the first nitride layer 106, 
the sidewalls of the contact openings 107, 109, 1 1 1 and the exposed area of the surface 
129 of the substrate 104 in the respective contact openings 107, 109 and 111. This is 
illustrated in Figure 3E. In one embodiment, the second layer of nitride 160 is 
deposited by LPCVD. However, it will be recognized in the art that there are other 
means for forming a high quality nitride layer, such as PECVD, and that the present 
invention is not limited to LPCVD. 
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[0027] The substrate is then exposed to a reactive ion etching (RIE etch) without a 
mask to remove portions of the second layer of nitride 160. Exposure to the RIE etch is 
for a pre-determined amount of time. In particular, the RIE etch is timed to remove 
portions of the second layer of nitride 160 from the surface of the substrate in the 
contact openings 107, 109 and 111. Moreover, the RIE etch is timed so that all of the 
first layer of nitride 106 is not removed. After the exposure to the RIE etch, portions of 
the second layer of nitride 160 overlaying the sidewalls of the contact openings 107, 
109 and 1 1 1 remain to seal the oxide layer 102. These portions of the second layer of 
nitride 160 remain after the RIE etch because the REI etch etches at a higher rate on 
exposed horizontal surfaces such as the bottom of the contacts and at a slow rate on 

M> exposed vertical surfaces such as the sidewalls of contact openings. Thus, it takes a 

O 

q longer exposure to the RIE etch for the vertical regions of the second layer of nitride 

W 160 to be removed. The vertical regions of the .second layer of nitride 160 are 

M» illustrated in Figure 3R As illustrated, the remaining vertical portions of the second 

m 

^ layer of nitride 160 seal the oxide layer 102 in the sidewall of contact opening 107. 

s s Thus, an effective mobile ion barrier seals all the regions of the oxide layer 102. 

Q Typically, with the present invention, the vertical regions of nitride layers remaining 

after the RIE etch will be thinner than the remaining horizontal nitride layers. Wherein, 
Q the nitride layers that are horizontal are measured in a vertical direction and the nitride 

layers that are vertical (in the sidewalls of contact openings) are measured in a 

horizontal direction. 

[0028] To achieve a nitride seal over the region of oxide layer 102 exposed in 
contact opening 107 in existing processes, two masks are typically used. A first mask 
forms the opening through the first layer of nitride 106 and the second mask of a 
smaller diameter forms an opening through the second layer of nitride 160. 
Embodiments of the present invention reduce the masking steps by eliminating the 
second mask. Moreover, the embodiments of the present invention provide a self- 
aligned relatively thin layer around the perimeter of the contact openings without a 
masking tolerance. That is, embodiments of the present invention eliminate the 
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alignment tolerance of nesting one aperture inside another aperture as is required in 
existing techniques. An alignment tolerance is an uncertainty factor that is present 
whenever a mask is used which in existing techniques contributes to the non-alignment 
of the nesting apertures. 

[0029] A layer of metal is then formed overlaying the substrate 104 and patterned to 
form the base contact region 132, the emitter contact region 134 and the collector 
contact region 136 in the respective contact opening, 107, 109 and 1 1 1, as illustrated in 
Figure 2. As illustrated in Figure2, the oxide layer 102 is not in contact with base 
contact region 132. 

[0030] Although the present invention has been described as being applied to a 
transistor in an integrated circuit, the present invention can be applied to any 
semiconductor device formed in an integrated circuit having contact openings through a 
nitride layer or a nitride and oxide layer to a surface of the substrate. Accordingly, the 
present invention is not limited to the formation of transistors. 

[0031] Although specific embodiments have been illustrated and described herein, it 
will be appreciated by those of ordinary skill in the art that any arrangement, which is 
calculated to achieve the same purpose, may be substituted for the specific embodiment 
shown. This application is intended to cover any adaptations or variations of the 
present invention. Therefore, it is manifestly intended that this invention be limited 
only by the claims and the equivalents thereof. 
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